INTRODUCTION
According to the current social and economic scenario the driver of the innovation in the management of freshness and quality of perishable fruits such as strawberry is the sustainability requirement. The traditional post harvest techniques used until now need to be improved meeting the request of a greener supply chain system, consequently also the modified atmosphere packaging (MAP) , that is well known to improve the shelf life of many fresh fruits and vegetables reducing their respiration rate (Kader and Barrett, 2005; Caner et al., 2008; Mangaraj et al., 2009; Soltani et al., 2015; Zang et al., 2015; Blanco-Diaz et al., 2016) , must to be considered in this new prospective. The sustainability of the MAP technique to preserve fresh fruits is today mainly associated to the use on new materials (Almenar et al., 2008; Cagnon et al., 2013; Briano et al., 2015; Mistriotis et al., 2016) whose mechanical and chemical characteristics are well described (Cano et al., 2015) , but more studies are necessary about their interaction with the contained fruits especially in terms of fermentative compounds, resulting by the post harvest maturity processes, that affect the acceptability of the consumers.
The goodness of the MAP is largely dependent by the cultivar, the storage temperature that affects the respiration rate of the fruits, the gas and the water permeability of the wrapping film. All these variables must be considered to evaluate the effect of this technique especially in the case of the strawberries supply chain whose critical point is the maintenance of low the temperature (Pelayo et al., 2003; Russel et al., 2009 ). The temperature is the driver of the most important postharvest maturity metabolisms of the strawberries and it is also influences the diffusion processes of the aroma, off-flavour and the gas index of maturity (CO 2 and O 2 ) through the packaging material. The diffusion process of the main migrating substances and their adverse consequences for the acceptability of the food matrix are deeply studied for polymeric film of flexible packaging (Nielsen and Jagerstad, 1994; Sajilata et al., 2007; Ponce-Valadez and Watkins, 2008) but less information there are about the barrier performances to gas, aroma and off-flavor compounds of the green materials Giuggioli et al., 2015) available for the MAP storage in the fruit supply chain. Anoxic condition due high CO 2 (15-20 kPa) and low O 2 levels inside MAP influence the activity of the enzyme alcohol dehydrogenase (ADH) and the relative accumulation of the main alcoholic off-flavor such as acetaldehyde, ethanol and methanol (Kennedy et al., 1992; Fernandez-Trujillo et al., 1999; Wani et al., 2014) , so the new films for MAP should avoid these conditions. The aim of this work was to evaluate the effect of "green" passive MAP using films from natural sources on the evolution of the most important gaseous and quality maturity indices for the strawberries fruits cv. Portola under the changes of the storage temperature.
MATERIALS AND METHODS

Strawberry samples and storage conditions
Strawberry fruits (Fragaria x ananassa) cv. Portola were picked by hand from the commercial orchard (Agrifrutta Soc. Coop. S.r.l., Piedmond, Italy) directly in the basket and immediately transported to the cooperative cold storage room (5±1°C and 80-85% RH).
The fruits were selected in function of the uniformity of size, the external colour of the skin and free of external blemishes and damaging.
The passive modified atmosphere packaging (MAP) conditions were developed into baskets of L13.5x w9.0 x h2.5 cm after the packaging's process using a commercial flowpack machine (model Taurus 800, Delphin, Italy).
The films used for the experiment were all continuous packaging films. The PP (polypropylene) is the control (Trepack, Siena, Italy), the PLA (polilactid acid) is a commercial biodegradable film made from renewable resources (Nativia ® , Taghleeef Industries, Udine, Italy) and the last the BIO N.C. is a non-commercial biodegradable and compostable film (prototypes, Novamont, Novara, Italy). All films thickness were of 25 µm, the CO 2 permeability was of 1.98E .
Sampling preparation
The strawberries were stored for 7 days at 2°C plus 3 days at 20°C. At 0 (packing fruit), 3, 5, 7, 10 days of storage six packages per film type were evaluated: three were used to measure the gas composition, respiration rates and off-flavor, the other three to evaluated the other qualitative parameters.
Measurement of O 2 and CO 2 partial pressure concentrations in MAP
The gas measurements were sampled with a portable manual CO 2 and O 2 analyser (CheckPoint II, PBI Dansensor, Italy).
The values are an average of three replicates and were expressed as v/v kPa. For each measurements the free volume of the package (330 mL) was keep unchanged during the storage time because the instrument introduced across an adhesive single septum system on the package's surface (Septum white 15 mm diameter, Dansensor, Italy) the same quantity of air that it removed for the analyses.
Gaseous maturity index determination
The determination of the RRO 2 and RRCO 2 and off-flavors (acetaldehyde, ethanol, ethyl acetate) (μg/l) respectively products of the respiration and the fermentative metabolisms of fruits were determined manually by injection of 50 μl of gas onto an Agilent Varian 450 GC. A capillary column (Molsieve 5° PLOT 30 μm x 30 m x 0.53 mm) and TCD detector (oven temperature of 70°C; injector 140°C) were used to measure the O 2 and CO 2 headspace gas composition while the off-flavor compounds were monitored using a DBWAX column (30 m x 0.53 mm x 1 pm) and FID detector (oven temperature of 50°C; injector 100°C; detector 150°C for all the analysis).
O 2 , CO 2 , acetaldehyde, ethyl acetate and ethanol were detected on the basis of their retention times and quantified by using a range of standards of the compounds (in air).
The rates of O 2 uptake (RRO 2 ) and CO 2 production (RRCO 2 ) (mmol kg -1 h -1 ) by strawberries in MAP were calculated respectively according to the Eq.1 and Eq.2
Where PO 2 and PCO 2 are the permeability coefficient (mmol cm cm -2 h -1 kPa -1 ); A is the film surface area (cm 2 ), x is the film thickness (cm), O 2 pkg and CO 2 pkg are the gas concentration inside the package (kPa), O 2 atm and CO 2 atm are the gas atmospheric partial pressure (kPa) and W is the strawberries weight (kg).
Quality and nutraceutical measurements
The strawberries pulp firmness was measured using a handheld penetrometer (Turoni, Forlì, Italy) with a 5-mm-diameter plunger and a reading scale of N in accordance with standard industry practice. The total soluble solids content (TSSC; °Brix) was determined from each samples fruit (20 fruits) by squeezing a drop of juice onto a digital refractometer pocket refractometer (Atago Co. Ltd., Tokyo, Japan) calibrated at 20°C to 0% with distilled water. After, 5 ml of the same juice was diluted with 25 ml of distilled water to determine the titratable acidity (meq l -1 ) using an automatic titrator (Titrino 702, Metrohm, Herisau, Switzerland). The result expressed as % citric acid was calculated on the average of three measure/sample using a conversion factor following previous work (Bermejo-Prada and Otero, 2016).
The external color was measured using a portable colorimeter (Chroma Meter CR-400, Konica Minolta Sensing, Inc., Tokyo, Japan) using the CIELAB scale defined by the Commission International de L'Eclairage, in which L* (lightness/darkness), a* (redness/greenness) and b* (yellowness/blueness) are mutually perpendicular axes. These parameters were considered to define the color index (CI) according to the following equation Jiménez-Cuesta et al. (1981) :
To determine the total phenolic content, the strawberry extract was obtained by using 10 g of fruit added to 25 mL of extraction buffer (500 mL methanol, 23.8 mL deionised water and 1.4 mL hydrochloric acid 37%). After 1 h in the dark at room temperature, the samples were thoroughly omogenised for a few minutes with an Ultra Turrax (IKA, Staufen, Germany) and centrifuged for 15 min at 3000 rpm. The supernatant obtained by centrifugation was collected and transferred to glass test tubes and stored at -20° C until analysis. The total phenolic contents were measured by using a Folin-Ciocalteu reagent with gallic acid as a standard at 765 nm following the method of Slinkard and Singleton (1977) . The results are expressed as milligrams of gallic acid equivalents (GAE) per 100 g of fresh weight (F.W.) and were performed using a UV-Vis spectrophotometer (UV-1600PC, VWR International).
Statistical analysis
All statistical analyses were performed using the SPSS Statistics 20 statistical software package (SPSS Statistics 20, 2013, IBM, Italy) for Mac. The obtained data were subjected to two-way analysis of variance (ANOVA), and the means of the quality and nutraceutical parameters were separated using Duncan's test (P ≤ 0.05).
A principal component analysis (PCA) with Varimax rotation with Kaiser normalization (SPSS 20.0) was entered to underline the relationships between the maturity index and the quality parameters of parameters measured. The PCA was performed using standardized data due the reduction of the dimensionality of the multivariate data.
RESULTS AND DISCUSSION
O 2 and CO 2 concentrations in MAP
The evolution of the partial pressures of the CO 2 and O 2 of the samples stored in MAP is shown in Fig. 1 . The gas composition inside each package during the storage time is influenced by the interaction among environmental factors (storage temperature), physical characteristics of the films used for MAP (permeability properties and thickness) and physiological behavior of fruits (respiration rate).
For all samples a similar pattern of decrease in the O 2 headspace gas composition and a CO 2 increase over time was observed. For the strawberries stored at low temperature (+2 °C), the O 2 content decreased from the initial values of 3.0 kPa, 22.0 kPa and 28.0 kPa respectively for the PP, PLA and BIO N.C film up to 5 days of storage while the CO 2 content increased to 1.3 kPa, 5.3 kPa and 11.2 kPa in the same time period (Fig. 1) . At the highest temperature at 7 days of storage, the trend of both gas have followed the same tendency the CO 2 content increased and O 2 content decreased more quickly and more greatly. This behaviour is explained by the increase in the respiration activity of strawberries that is faster than the diffusion mechanisms of gas through the wrapping films. At the end of storage, the PLA films maintained the highest CO 2 (41.4 kPa) and the lowest O 2 (2.74 kPa) values due the lesser values of the gas permeability of the film if compared to the others. 
Gaseous maturity index
The O 2 consumption and CO 2 production rates of Portola strawberries were examined at different temperatures during the storage time under the different MAP conditions (Table1). Different studies (Li and Kader, 1989; Kader, 1991; Talasila et al., 1992; Renault et al., 1994; Hertog et al., 1999) , reported the respiration rates of strawberries under different gas concentrations but no information are about the cv. Portola stored with the "green" films. The oxygen consumption of the strawberries (Table 1) increased with significantly statistical differences with the storage time and with the change of the temperature affecting respectively the headspace gas composition inside each packages (Fig. 1) .
The oxygen consumption rates of strawberries at low temperature after 3 days of storage was of 1.74E . For each time, no statistically differences were observed among the different films. The main volatile compounds that are low-molecular-weight are strongly related to the primary and secondary fruit metabolism and their control is important to judge how a postharvest technique is good (Sucan, 2004) .
The acetaldehyde (AA), ethanol (ETOH) and ethyl acetate (EA) levels accumulated during the strawberries storage under MAP conditions are reported respectively in the Fig. 2A, 2B and 2C. In general, the concentrations of all volatile compounds increase after the samples were removed from the low temperature (+2°C), but in the case of acetaldehyde this was observed already before the 7 th day when the temperature has been changed. Pesis et al. (1990) and Shaw et al. (1990) suggested as little increase of these esters compounds can improve the flavor development of strawberries, however high levels can negatively affect the sensory acceptability by the consumers (Watkins et al., 1991; Larsen and Watkins, 1995) . It' s known that the acetaldehyde accumulation is in function of anaerobic storage conditions more than overripe stage of fruits but also controlled atmosphere (21.0 kPa O 2 and 50.0 kPa CO 2 ) greatly affect the highest acetaldehyde concentration (Ke et al., 1994) . The acetaldehyde levels monitored during all the storage time have been resulted to be under the acceptable levels, that are suggested by Ke et al. (1991) to be 8.1 µl -l . In fact all samples showed concentrations of acetaldehyde less than 0.020 µl -l and this conditions was observed also at the end of the storage time where the highest CO 2 concentrations were achieved inside all the MAP (Fig. 1) .
The pattern of ethanol accumulation in the MAPs was similar to that of AA. Ethanol was almost undetectable in all packages for all the storage time; the highest concentrations were observed after 10 days of storage with 1.403; 2.560 and 0.627 µl/l respectively for PP, PLA and BIO N.C. films. About the ethyl acetate the highest concentrations were detected after 10 days of storage in the samples packaged with the PLA film but these levels according to Larsen and Watkins (1995) aren't judged negatively for the final consumer acceptance. Considering the AA, ETOH and EA content it can be observed that the presence of the highest fermentative metabolites was into the PLA packages; this was probably due to the highest CO 2 kPa (41.4) and the lowest O 2 kPa (2.7) concentrations achieved into the MAPs.
The ETOH was confirmed to be the highest volatile compounds detected according to previous studies (Ke et al., 1991; Ke et al., 1994) .
Quality measurements
The most important monitored quality parameters are reported in the Table 2 . At the packaging time (packing fruits) strawberries showed firmness of 4113.66 N. All samples stored at the lowest temperature (+2°C) showed an increase of values meaning fruits with harder pulp. This happens probably due to the effect of the cool temperature that impacts on the plasticity and turgidity of fresh tissue making them stronger (Paull, 1999) . With the increase of the temperature to 20 °C at 7 days all samples stored in MAPs significantly lost their turgor and firmness according to Luoto (1984) . At the end of the storage time at the highest temperature (10 days) samples showed respectively less than 30% (PP), 26% (PLA) and 47% (BIO.N.C.) of their firmness if compared to values acquired at the end of the storage time at 2°C (5 days). No statistically differences were observed among films for the most of control quality.
The initial TSSC was of 6.46 °Brix. No statistically differences were observed among samples for each control quality but a general decrease of values were showed for all films with the shift of the temperature beginning to 7 days up to the end of storage. The loss of TSSC was due to the increase in the respiration activity of strawberries during storage and the use of sugars as respiratory substrate.
The initial citric acid value was of 0.76%. According to Caner et al. (2008) the reduction of acidity during storage is an indicator of fruit ripening. All samples showed this behavior. Already after 3 days of storage at 2°C all samples showed losses in the acidic content due the increasing of respiratory activity. Strawberries stored with the PLA Map have reduced deeply the citric content achieving the lowest value at the end of the storage time (0.45%).
All samples showed an increase in the color index (CI) if compared to the packaging time (packing fruits) (32.33 CI). Statistically significantly differences were observed during the storage time for samples stored with the PP and the PLA film. The highest values were observed with the change of the temperature at 7 days up to end of storage and according with Martínez-Las Heras et al. (2016) it means that the ripe of strawberries go on.
The respiration of all sampled strawberries in fact affect the water loss content (data not showed) whose values influence deeply the skin color perception.
The total polyphenols measured at the packing fruit were 203.72 25 mg GAE 100 -1 g according to previous works (Klopotek et al., 2005; Da Silva Pinto et al., 2008) . Limited studies reported the changes in strawberry polyphenols in response to carbon dioxide treatments (Gil et al., 1997) . The high CO 2 concentrations achieved with the increase of the temperature during the storage time have resulted to a in destabilization of total polyphenols in all samples MAPs and increasing values were observed along all the storage time.
Principal component analysis
Principal component analysis was carried out on the correlation matrix produced from the maturity index and the quality parameters of strawberries stored in the green passive MAPs, previously measured. The Fig. 3 reports the 10 parameters and the relative weight for all the components groups resulted (4). After the standardization of all data it was possible to evaluate the proportion of the cumulative percentage variance of each maturity index and the quality parameters. The cumulative variance contribution of all the principal component resulted was of 91% who contributed most the first (PC1) and second (PC2) principal components (respectively 38.39 % and 26.35 %). The PC1 largely depends by the off flavors (acetaldehyde, ethanol, ethyl acetate) developed during the storage and the firmness of strawberries; these parameters are positively correlated as indicators to explain the goodness of the influence of green passive MAP. A similar weight in the PC2 calculation are expressed by the total solid soluble content and the color index. (CI) to underline a strong pattern among the sweetness of strawberries and the color development of their tissues. The PC3 that explains the 16.35 % of the variance consider the CO 2 and the O 2 respiration rate of the fruits and their polyphenol content, that so appear mainly related among them. The lowest variance (9.23 %) is represented only by the citric acid.
CONCLUSIONS
The evaluation of off-flavors and the appearance of strawberries are the main criteria to evaluate the goodness of films used to store fruits with MAPs. The ability of the green films used in this study to manage the maturity of the strawberries cv. Portola is mainly affected by the storage temperature. With the shift of the temperature to 2°C to 20°C all the gaseous and quality maturity indices have been changed and the main differences in the performance among films were observed at the end of the storage time with the exception of the firmness of the pulp and the total soluble solid content. In fact no differences were observed among films about these quality parametres. Principal componet analysis (PCA) for the respiration rate CO 2 (ml kg -1 h -1 ), respiration rate O 2 (ml kg -1 h -1 ), acethaldeyde (μl/l), ethanol (μl/l), ethyl acetate (μl/l), total solid soluble (°Brix), firmness (N), color index, citric acid (%) and total polyphenols (mgGAE 100-1 g).
The PLA films have developed the highest CO 2 concentrations in the headspace gas composition of packages that affected the highest values of acetaldehyde, ethanol and ethyl acetate. Fruits wrapped with the PLA showed also the lowest acidic content and color index meanings that strawberry's ripening goes on. The BIO N.C. film due the highest CO 2 respiration rate at the end of the storage caused the increase in the polyphenol content in strawberries but has maintained the lowest values in terms of volatiles monitored probably due to the highest permeability of the material (data not showed).
The PCA analysis showed some important differences among the quality parameters and maturity index analyzed to describe the behavior of the cv. Portola during the storage under the MAP conditions evaluated.
However to improve the discussion of this study it would also be interesting to find out whether any correlation exists between the off-flavour score of strawberries and the consumer acceptability using a trained panel evaluation as reported in previous studies (Ke et al., 1991; Larsen and Watkins, 1995) .
